Four cases of simultaneous surgery for aortic root aneurysm with aortic regurgitation and coarctation of the aorta were presented. Age at surgery ranged from 18 to 37 years and all were male. All had annuloaortic ectasia and dilatation of the ascending aorta, 3 had bicuspid aortic valve and 1 had acute localized aortic dissection. Preoperative grade of aortic regurgitation was trivial in 1, moderate in 2 and severe in 1. Three had aortic valve-sparing root replacement with reimplantation technique and 1 had plication of the sinotubular junction. All patients had total arch replacement, coarctectomy and orthogonal anastomosis to the descending aorta. Antegrade cerebral perfusion was used for brain protection. All patients survived and postoperative pressure difference between the upper and lower extremities disappeared. Postoperative aortogram was satisfactory.
Aortic coarctation sometimes is found in adulthood with significant blood pressure difference between the upper and lower extremities. In the 2011 annual report of the Japanese Association for Thoracic Surgery [1] , there were 12 adult (age over 18 years) coarctation patients who underwent surgery, which was 6.1% of all coarctation patients. Coarctation is rarely accompanied with aortic root disease such as annuloaortic ectasia, including congenital aortic bicuspid valve. Surgery has been focused on the coarctation and reconstruction of the aortic arch usually performed through left thoracotomy except for complex congenital heart disease. In this report, we present 4 patients who underwent simultaneous surgery for aortic root aneurysm and total arch replacement with coarctectomy.
Cases
Age at surgery ranged from 18 to 37 years and all were male (Table 1 and Fig. 1 ). All had annuloaortic ectasia, 3 had bicuspid aortic valve and 1 had acute localized aortic dissection. Preoperative diameter of the Valsalva sinus or ascending aorta was 35-56 mm, and aortic regurgitation ranged from trivial, moderate to severe. Preoperative peak pressure gradient between the aortic arch and the femoral artery was 29-35 mmHg. The ankle brachial pressure index was 0.65-0.78. The diameter of the distal aortic arch was normal or rather hypoplastic.
All had mid-sternotomy, aortic coarctectomy and total arch replacement. Arterial perfusion was provided through both cannulae in the ascending aorta and the femoral artery. Three had aortic valve-sparing root replacement with the reimplantation technique and 1 had plication of the sinotubular junction. Three patients had additional aortic cusp repair, including central plication technique and free margin reinforcement. Aortic arch vessels were reconstructed as an aortic cuff in 3 and individual reconstruction with small grafts in 1. The Valsalva graft (Gelweave Valsalva™, Vascutek Terumo, UK) size for aortic root replacement was 22, 26 and 28 mm. The graft size for aortic arch was 22, 24 and 26 mm. The distal anastomosis was made to the descending aorta beyond the coarctation. An additional smaller graft was used for distal anastomosis to incorporate the diameter of the descending aorta during circulatory arrest of the lower body or total circulatory arrest, and the size of the graft was 20 and 22 mm. Total cardiopulmonary bypass time ranged from 187 to 333 min, cardiac ischaemic time was from 147 to 259 min. Antegrade cerebral perfusion was used for brain protection in all patients and its duration ranged from 42 to 124 min. The duration of the circulatory arrest in the lower body ranged from 51 to 76 min. The lowest tympanic temperature was 18.1-20.3°C, and the rectal temperature was 26-27°C. All patients survived and postoperative clinical course was eventless. No patient demonstrated spinal cord ischaemia and hoarseness. Postoperative ankle brachial pressure index was 0.98-1.02. Aortogram was satisfactory and all patients returned to normal life. been reported [2] . The other associated pathologies included coronary artery disease, aortic dissection, ascending aortic aneurysm, annuloaortic ectasia, aortic valve stenosis and insufficiency. As a staged strategy, Sampath et al. [2] advocated the initial repair of the coarctation to relieve proximal hypertension, thereby decreasing the chance of progressive dissection or rupture. Different approaches have also been reported [3] . Regarding the use of stent-grafting, we consider that, in young patients, direct open repair is optimal. Replacement of the ascending aorta was first performed, and repair of the coarctation was done as the second procedure because repair of acute aortic dissection was necessary for survival. There are a few reports of single-stage surgical repair of this combination. Others reported cases of insertion of both composite valve grafts for the ascending aorta and extra-anatomical bypass grafts from the ascending aorta to the descending aorta or the abdominal aorta. Paparella et al. [3] described a case of total arch graft replacement resecting the segment of the coarctation through median sternotomy and left thoracotomy. We were able to perform a one-stage repair of aortic root disease and coarctation through a median sternotomy. The one stage surgery through 
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Y. Okita et al. / Interactive CardioVascular and Thoracic Surgerythe mid-sternotomy approach is rarely adopted in the adult patient because deep distal suture line beyond coarctation from the midline and replacement of a normal-sized aortic arch. However, with the use of antegrade cerebral perfusion, total arch replacement is a safe procedure in this age group, and the patient does not have to undergo multiple surgeries. This approach has some advantages compared with left thoracotomy because numerous collateral vessels, which may be important for blood supply, sometimes preclude access to the coarctation. We have selected patients very carefully for this extensive surgery. Usually, patients are young and without any comorbidities. We have another 8 adult patients (mean age 63.8 years at surgery) with aortic coarctation. Five patients had extra-anatomical bypass from the ascending aorta to the abdominal aorta, and 3 had coractectomy and graft replacement of the descending aorta from the left thoracotomy. One had combined Bentall operation and extra-anatomical bypass from the midline approach. No patient had staged operation. Several bypass techniques have been reported. Heinemann et al. [4] described 17 patients with complex aortic coarctation who had undergone ascending aorta-descending aorta, ascending aortaabdominal aorta, descending aorta-abdominal aorta, descending aorta-descending aorta or left subclavian artery-descending aorta bypass. On the other hand, Rokkas et al. [5] reported usefulness of deep hypothermia to protect brain and spinal cord during reconstruction of complicated adult aortic coarctation.
Exposure of the coarctation from the midline is facilitated by using deep hypothermic circulatory arrest of the lower body, sometimes total body circulatory arrest because of rich collateral blood supply to the lower body. In this technique, the aortic arch of normal calibre necessitated to be replaced with a prosthetic graft. We usually apply antegrade cerebral perfusion at the rectal temperature of 30°C; also cardiac arrest was required during coarctectomy, and anastomosis to the descending aorta. In 2 cases, perfusion from the femoral artery as well as the ascending aorta was applied to have uniform cooling of the lower body.
Technically, anastomosing a separate smaller graft (20-22 mm in diameter) to the descending aorta first and then connecting it to the arch graft facilitated exposure of the distal anastomosis in the narrow space. This is a rather technically demanding procedure. We had to use additional graft anastomosis (step-wise anastomosis) between the distal anastomosis and the arch graft. Our 4 patients had excellent recovery and showed no residual stenosis or no anastomotic aneurysm.
Valve-sparing aortic replacement for aortic root aneurysm with a morphologically intact valve has become a common procedure with acceptable results. Plication of the sinotubular junction is also reported to be effective to alleviate aortic regurgitation in patients with a dilated ascending aorta. Also many reports have demonstrated acceptable early and mid-term results of valve-sparing root replacement in patients with a bicuspid valve.
